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MBivatienMBrSuccesstiul- Monitoring

S sliceessilicanbon sequestration will be. a combination of; tecjmology, regulation™
ahdRanUEpublicTacceptance: '

ENEngy aj | and willfincrease 60% by 2030 over' 2000 levels (IEA, DOE,
Exsonnonil)

Fos3ll an_afg will'remain the main (80%) supply for energy for at least 30 and
poss]_'r)Jy :..years

BotLomil ne to the public will be a trade off of economic risks (leaving in ground
V—'J‘JJJ”} -mosphere)
=J E: fuels Increasing scarcity is not going to rein in emissions growth by itself.
sothecontrary, there will be a problem for climate-change policies if they induce
== ngmfmant falls in fossil-fuel prices. That is one reason why carbon capture and

= Ztorage technology is so important”. (Stern Report 2007)

- Mitigation must start now, and to have a significant impact the volumes
sequestered must be orders of magnitude greater than today.(1 to 2
Gtons/year)

e Inthe near term the only option that has the infrastructure to sequester large
volumes is the oil and gas industry, i.e decades of development.

iu‘ﬁimate cost must include savings due to avoidance of costs of Climate change.
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lechnical Challenges In Fluid Imaging:

arich Mzt e —

Jupecenselidated
sediments, clays;
partial saturation

anisotropy

-__-_.—'.j- S IElerogeneity -

fractures/anisotropy

fluid/gas
imaging and
manipulation




grosscutting fiechnical Issues for Successtul
SOZEMonitoring . — —
s BasicNeed —

="Monitor. Iocation and quantity ofi CO2

SaVonitorcontainment orece
SeEstablish andfevaluate risks
SREundamental Obstacles

BN Ack of data on the the distribution of rock and fluid
& properties.

el

=/ Porosity, permeability,lithology and structure
s |iquid, gas, oil, water content and ratio, etc.

produced
¢ State of Stress
 Fluid redistribution and change of state
® Fracture creation/opening/closure




CIRE 6l —
SActive (fluid imaging)
.ssive (*Microearthquake monitoring)

o l\ n SEISMIC

= Flectrical

- i —

m—

= — Magnetic
— Gravity.
— Direct Detection ( gas sampling)

= Remote sensing
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5aSIC R"e'aﬁi'rements of  Monitoring
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SaRepeatability and stability’of measurements

SIS

~ Rel ablllty over long time periods

ccepted history and experience in industry

o
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~ o Developed rock-physics models

e Ability to measure and separate rock and fluid
~ properties
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ANSESIS for arMopnitoeringsRretocol™

o Tacniiles)
=dentify and understand factors controlling
ubsurface dynamics

2 ﬁommunlw Interaction

| ....---—.'.,iq_ﬂ-'n-

= — Inform and interact with the community to
= (nderstand their concerns and partner with
them to achieve a win-win situation

Both are; linked and overlapping
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II€CtNical Considerations WhileRlarming s

cLinjection.pressure;
SRVGILIME OF INjection

BNfZieof injection

SRempErature of fluids

=9 Chemistry of fluid

| ....---—.'.,iq_ﬂ-'n-

=

_ =% continuity of injection

~ & |ocation and depth of injections
® |n-situ stress magnitudes and patterns
¢ fracture/permeability of rocks

_® historical seismicity
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SEIIIMUNIty~ Interactions=

SN NEEPENCENT third-party’ evaltation covering
shierfellowing key: items:
';':;'Béckground seismicity and potential for large
g earthguakes
&= [ikelihood of induced seismicity
—— — Local geologic conditions that may amplify seismic

shaking
Construction quality of local buildings

Validity of proponent’s induced seismicity
monitoring and mitigation plan.
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SEciily and frequent communicaticiwitig s

IEIGhboring communities to:
Lo e aloutipIOJECE SCOPEand the
SposSibility of Inauced seismicity.
= Overview of 3/-party evaluation (above)
I nduced! seismicity. in the context of other

& [noewn and potential environmental impacts
= 0f the EGS project
Offsetting benefits (clean source of energy,
jobs, tax revenues, etc)

If appropriate, the community acceptance
program may include donations in support
of projects that benefit the community.
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EXEIPIES

> Dege IMmaging and characterlzatlon With
e ohole techinology (EOR)

| _ectlon monitoring with microearthguake
'; ethods (Enhanced Geothermal Systems)
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MicieBIERIechnologies Specific FoEUS AlEas
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5-: -~ “Designer Selsmlc Access: Highly Efficient Rigs
_"—‘ — For New E&P Imaging Paradigms For Mature Field Development
: - To allow a new wave of development drilling for mature fields
based on drilling cost reductions approaching 50%

Low environmental impact for improved sensitive area access

New paradigms in “high-res”, long term seismic imaging to
reduce risk
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Jge at Injection’ Depth (SO00HE)
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Bomismic Network For Injection

Monitoring

The Seismic Network - Stimulation 2003

Geophone holes
1: 3 depth ratio
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2000 ALIENGRSEAlCIEMEIVENEINREStion events
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a “Traffic Light” to Control Pump_jpg 5

on pre-defined thresholds of both INTENSI1/ 4 \\
ced ground movements anc "REQUENCY of
RRENCE of any episodes of shaking.




@hservations to date =
MVAGHVE SEISMIC — ——
=SVicrohole VISP can look over Sitimes hoele depth

S0 UNEINSEUENONEH NEEURSIFREIONRRISE) NS IIE e tHaN=

conventional™ VSP
u.akes SEISMIC Ssurveys faster and much cheaper
'ff'ess SIAVasive” on operations
';-Wlows operator to easily customize/change surveys for changing
& jieservolrr conditions and varying reservoir conditions across any

' e __ ~ particular field (“Designer Seismic”)

il

= ::'3':! RassiVe Seismic

— Critical information on fracture generation, fluid interactions and
fluid paths can be obtained from borehole seismic data

— Sensors do not need to be placed at reservoir level

— Sensors can be placed away from surface and in sufficient azimuthal
coverage to eliminate path effects and obtain data for analysis of
source mechanisms critical to understanding fracture generation and
stress analysis.
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Su‘ ary-and, ConclusigRs™

0 nolo and mfrastructure are avallable to
rzIfl 2AUE | e I .

o 'rr are daps In understanding the
cLif] Julative effect of large scale sequestration

= echnology IS available to provide the data

= ;—and tinderstanding to address the gaps
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— —® Syccessful large scale monitoring is a
= - combination of technology and public
dcceptance

® Protocols for monitoring must be
established that are based on sound and
F accepted methods




